Abstract. The clinicopathological and biological characteristics of squamous cell/adenosquamous carcinoma (SC/ASC) of the gallbladder remain to be fully elucidated, due to the fact that it is a rare gallbladder cancer subtype. In the current study, the expression of minichromosome maintenance complex component 2 (MCM2) and HIV-1 tat interactive protein 2 (TIP30) was measured in 46 cases of SC/ASC and 80 adenocarcinomas (AC) using immunohistochemistry. Positive MCM2 and negative TIP30 expression were significantly associated with large tumor size, high TNM stage, invasion, lymph node metastasis and lack of surgical curability in SC/ASC and AC. Positive MCM2 and negative TIP30 expression were significantly associated with poor differentiation in AC, whereas only MCM2 was correlated with differentiation in SC/ASC. Univariate Kaplan-Meier analysis demonstrated that positive MCM2 and negative TIP30 expression, the degree of differentiation, tumor size, TNM stage, invasion, lymph node metastasis and surgical curability were significantly associated with post-operative survival in patients with SC/ASC and AC. Multivariate Cox regression analysis demonstrated that positive MCM2 and negative TIP30 expression, the degree of differentiation, tumor size, TNM stage, invasion, lymph node metastasis and lack of surgical curability were also independent predictors of poor prognosis in patients with SC/ASC and AC. These data suggest that positive MCM2 and negative TIP30 expression are closely correlated with the clinical, pathological and biological parameters, in addition to poor prognosis in patients with gallbladder cancer.
Introduction
Gallbladder cancers (GBCs) are the fifth most common type of gastrointestinal cancer and the most common biliary tract malignancy in the USA (1, 2) . The prognosis of GBC is poor with a high mortality. Early diagnosis is rare due to the lack of specific signs or symptoms (3) . Consequently, over 90% of patients with GBC are diagnosed at an inoperable stage with significant invasion and metastasis to other organs (4) . The majority of GBCs are adenocarcinomas (AC; >90%) (5) , whereas other histopathological subtypes including mucinous, papillary, and squamous subtypes are observed only rarely (2) . Squamous cell/adenosquamous carcinoma (SC/ASC) represents 1-12% of GBCs (2, 6) . The clinicopathological characteristics of SC/ASC remain to be well documented, due to the fact that the majority of currently available data describe individual case reports or the analysis of small case series. Therefore, therapeutic interventions for SC/ASC remain to be fully elucidated (7) . Although biomarkers for predicting the prognosis of AC have been investigated, none of the proposed markers have yet reached clinical application (8) . Notably, no biomarkers associated with the progression and prognosis of SC/ASC have been reported. Therefore, it is important to document the clinicopathological and biological characteristics of SC/ASC.
Ki-67 and proliferating cell nuclear antigen (PCNA) are two conventional proliferation markers used for routine clinical diagnosis and/or prognostic prediction for several types of cancer (9) . However, these two markers are associated MCM2 and TIP30 are prognostic markers in squamous cell/adenosquamous carcinoma and adenocarcinoma of the gallbladder with significant problems. For example, Ki-67 serves a role in ribosome biosynthesis, and is not directly responsible for cell proliferation (10) . In addition, the labeling index of Ki-67 immunostaining is usually affected by external factors such as nutrient deprivation (11) . Notably, the precise function of Ki-67 remains unclear (12, 13) . PCNA is a marker of DNA replication that is also required for DNA repair. Therefore, it is a less specific marker (9, 14) . Previously, geminin was identified as a novel tumor cell proliferation marker. However, geminin expression was restricted to S, G 2 and early M phase of the cell cycle (9, 14) , thus the labeling index of geminin identifies only the number of actively proliferating cells that have passed G 1 phase. Therefore, there remains a requirement for the identification of more specific and precise markers to facilitate patient diagnosis and/or prognosis. The minichromosome maintenance (MCM) complex components 2-7 are essential for DNA replication in all eukaryotic cells, and are expressed more frequently in cancer cells compared with normal cells (15) . Unlike Ki-67 and PCNA, MCM proteins are required in cycling cells, however are absent from quiescent cells. Immunostaining with antibodies against MCM identified a greater number of cells in the cell cycle than that of either PCNA or Ki-67 (16) . This supports the potential clinical applications of MCM proteins as specific markers of proliferation. In addition, MCM proteins have demonstrated potential for diagnostic and prognostic applications in several types of human malignancies (9, 14) . For example, multivariate analysis identified MCM expression as an independent negative predictor of patient survival (9) . in addition, MCM expression could be expanded to population screening for neoplasia at a range of organ sites at which cells could be obtained for cytological analysis (17) (18) (19) . However, the expression of MCM in GBC remains to be assessed.
HIV-1 tat interactive protein 2 (TIP30) was identified as a transcriptional cofactor that suppresses metastasis by inhibiting tumor growth (20) and angiogenesis (21, 22) , and induces apoptosis (23) . Li et al (24) demonstrated that weak or negative expression of TIP30 contributed to the development and progression of gastric cancer. When TIP30 expression was silenced, hepatocellular carcinoma and other tumors developed spontaneously in mice (25) . In contrast, the ectopic expression of TIP30 increased the expression of a subset of pro-apoptotic genes (23) , and subsequently inhibited tumorigenesis in liver and lung cells. The direct involvement of MCM in DNA replication and TIP30 in cell proliferation and apoptosis suggests that these molecules are potential targets for gene therapy. Therefore, the identification of proliferation-specific markers, including MCM and TIP30 expression, is important for the development of novel GBC treatments.
In the current study, the expression of MCM2 and TIP30 in surgically resected specimens, including AC and SC/ASC, was examined using immunohistochemistry. The correlation between MCM2 and TIP30 expression and the clinicopathological characteristics and prognosis of AC and SC/ASC were evaluated and compared.
Materials and methods
Case selection. Immunohistochemistry staining. Mouse anti-MCM2 (sc-373702), mouse anti-TIP30 (sc-55343) and horseradish peroxidase (HRP)-conjugated anti-mouse secondary antibodies (sc-2010) were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Staining was performed using the peroxidase-based EnVision™ Detection kit (Dako North America, Inc., Carpinteria, CA, USA) following the manufacturer's instructions. Briefly, 4 µM sections were cut from routinely paraffin-embedded AC and SC/ASC tissues. The sections were deparaffinized and incubated with 3% H 2 O 2 for 15 min, and soaked with phosphate-buffered saline (PBS) for 3x5 min. They were then incubated with mouse anti-MCM2 (1:100 dilution) or mouse anti-TIP30 (1:100) antibodies for 1 h at room temperature. Subsequent to rinsing the sections with PBS three times, solution A (containing the HRP-conjugated secondary antibody) was added and incubated for 30 min. DAB substrate was then added, followed by hematoxylin counter-staining. The slides were subsequently dehydrated and soaked in xylene for 3x5 min. Positive sections purchased from Wuhan Boster Biological Technology, Ltd. (Wuhan, China) were used as the positive control, whereas replacing the primary antibody with 5% fetal bovine serum was used as the negative control. The percentage of positive cells was calculated from 500 cells in 10 random fields. Cases with ≥25% positive cells were considered to be positive, whereas samples with <25% positive cells were negative.
Statistical analysis. Data were analyzed using SPSS software, version 14.0 (SPSS, Inc., Chicago, IL, USA). The associations between MCM2 and TIP30 expression with histological or clinical factors were analyzed using χ 2 or Fisher's exact test. Kaplan-Meier and time series analyses were used for univariate survival analysis. Cox proportional hazards model was used for multivariate analysis, and to determine the 95% confidence interval. P<0.05 was considered to indicate a statistically significant difference.
Results

Comparison of clinicopathological characteristics with MCM2 and TIP30 expression in SC/ASC and AC.
As presented in Table I , the percentage of cases in patients older than 45 years and with a tumor mass >3 cm was significantly higher in the SC/ASC group compared with the ACs (P<0.05). In contrast, the percentage of poorly differentiated tumors was significantly reduced in SC/ASC compared with AC. No significant differences in other clinicopathological characteristics (including gender, TNM stage, invasion, lymph node metastasis, history of gallstones, operative procedure and average survival time) were observed between the SC/ASC and AC groups. Immunohistochemistry identified that MCM2-positive cells exhibited brown nuclear staining, whereas TIP30-positive cells presented with a brown membrane and cytoplasmic staining in the SC/ASC ( Fig. 1 ) and AC (Fig. 2) tissues. In addition, no significant differences in the percentage of positive MCM2 and TIP30 expression was observed between patients with SC/ASC and AC (Table I) .
The association of MCM2 and TIP30 expression with GBC clinicopathological characteristics. As presented in Table II , . Positive MCM2 expression was significantly associated with poor differentiation in SC/ASC (P<0.05). There was no significant association between MCM2 and TIP30 and pathological type, gender, age and history of gallstones. As presented in Table III , the percentage of positive MCM2 and negative TIP30 expression in AC tumors was significantly higher in cases with poor differentiation, larger tumor mass, higher TMN stage with lymph node metastasis, invasion to the tissues and organs surrounding the gallbladder and lack of surgical curability when compared with cases that were well differentiated, had a small tumor mass, lower TMN stage, no lymph metastasis, no invasion and that were radically resected (P<0.05, P<0.01). There was no association between MCM2 and TIP30 and gender, age and history of gallstones.
The correlation of MCM2 and/or TIP30 expression with survival in patients with SC/ASC and AC. Survival information Table II . The association of MCM2 and TIP30 expression with the clinicopathological characteristics of SC/ASC. for the 46 patients with SC/ASC was obtained through letters and phone calls. The follow-up time was 2 years, and patients who survived longer than 2 years were included in the analysis as censored cases. A total of 13 patients survived >1 year (of which 4 survived >2 years), and 33 patients survived <1 year, with a mean survival time of 10.07±0.78 months. Kaplan-Meier survival analysis demonstrated that differentiation, tumor size, TNM stage, lymph node metastasis, invasion and the operative procedure were significantly associated (P<0.001) with mean survival time in SC/ASC patients (Table IV) . The mean survival time of MCM2-positive patients was significantly lower compared with MCM2-negative patients (P<0.001). In contrast, the mean survival time of TIP30-positive patients was significantly greater than TIP30-negative patients (P<0.001) (Table IV ; Fig. 3 ). Cox multivariate analysis indicated that tumor size ≥3 cm, TMN stage, lymph node metastasis, invasion, operative procedure and MCM2-positive expression or TIP30-negative expression were negatively correlated with post-operative survival, and positively correlated with mortality. This suggests that MCM2 positivity is a risk factor, and that TIP30 is a prognostic indicator in SC/ASC (Table V) . The survival information of 80 patients with AC was also obtained. A total of 23 patients survived >1 year (of which 9 survived >2 years), and 57 survived <1 year; the mean survival time was 10.34±0.63 months. Kaplan-Meier survival analysis indicated that differentiation, tumor size, TNM stage, lymph node metastasis, invasion and operative procedure were significantly associated (P<0.001) with the mean survival time of patients with AC (Table VI) . The mean survival time of MCM2-positive patients with AC was significantly lower Table III . The association of MCM2 and TIP30 expression with the clinicopathological characteristics of AC. than that of MCM2-negative patients with AC (P=0.001), whereas the mean survival time of TIP30-positive patients was significantly higher than TIP30-negative patients (P= 0.009) (Table VI ; Fig. 4 ). Cox multivariate analysis demonstrated that differentiation, tumor size ≥3 cm, TMN stage, lymph node metastasis, invasion, operative procedure and MCM2-positive or TIP30-negative expression were positively correlated with poor survival in patients with AC (Table VII) . Previous studies suggested that squamous carcinoma proliferates at a higher rate than AC, however lymph node metastasis is less common with squamous tumors (26, 27) . The results of the current study observed no differences in invasion and lymph node metastasis between AC and SC/ASC, however an increased number of patients with SC/ASC had an increased tumor size. There were also no significant differences in differentiation, TNM stage, surgical curability and post-operative survival time between patients with AC (10.34±0.63 months) and SC/ASC (10.07±0.78 months). These observations suggest that squamous differentiation is no more aggressive than glandular differentiation in the gallbladder. In addition, it was observed that radical resection was a good prognostic factor in patients with AC and SC/ASC. However, 86% of patients with SC/ASC and 74% with AC were diagnosed at an inoperable stage. Inconsistent with a previous report concluding that SC/ASC occurs predominantly in females (F/M=3.8) (6) , no difference in the prevalence of SC/ASC between females and males (F/M ratio=1.4) was observed in the current study. However, the prevalence of SC/ASC among older patients was increased compared with AC. Consistent with previous reports (2,6), it was observed that 4.34% of GBCs were SC/ASC. This suggests that the clinicopathological presentation of SC/ASC was not significantly different from AC. Current knowledge of the clinicopathological characteristics of SC/ASC was obtained predominantly from individual case reports or the analysis of small case series. Therefore, the present study provided more accurate information describing the differences between the rare SC/ASC subtype and the more common AC. Accumulating evidence has demonstrated that low levels of expression of TIP30 and increased expression of MCM2 correspond with increased malignancy of tumors, high incidence of metastasis, poor prognosis and high invasive potential (28) (29) (30) (31) . In the present study, an extensive collection of human gallbladder SC/ASC and AC samples was used to demonstrate that elevated MCM2 or lowered TIP30 levels are important prognostic factors, independent of other clinicopathological factors.
MCM2 TIP30 Clinicopathological --------------------------------------------------------------------------------------------------------------------------------------------------------
95% confidence interval ------------------------------------
MCM2 is a key protein that regulates the transition of a cell from G 1 phase to S phase; its expression is silenced in mature cells or those in G 0 . Therefore, MCM2 is a specific marker that indicates an active state of cell proliferation (28, 29) . TIP30 is a serine/threonine kinase that blocks cell function at G 0 /G 1 phase, which subsequently reduces the proportion of cells in S phase. However, the clinicopathological characteristics of these proteins in GBC remain to be fully elucidated. Previous studies reported that MCM levels could reflect tumor carcinogenesis and progression (9, 14) . Because of its high specificity and sensitivity for determining cell proliferation, MCM2 may be a malignant marker. MCM2 has been used for population screening for neoplasms for a range of benign lesions using exfoliated cells (32) (33) (34) . Positive MCM2 and negative TIP30 expression were significantly associated with large tumor size, high TNM stage, invasion, lymph node metastasis, and no surgical curability (only biopsy) of SC/ASC and AC. Therefore, high expression of MCM2 and low expression of TIP30 may be used as a biological marker to identify subgroups of patients who may require more aggressive treatment. Patients with high MCM2 and low TIP30 expression in their tumors are more likely to suffer from metastatic recurrence. These patients may need to be monitored closely for clinical signs of relapse to ensure that therapeutic inventions are applied early enough for optimal outcomes. It is reasonable to predict that the combination of MCM2(+) and TIP30(-) may be a powerful predictor for malignant metastasis and a biomarker for the early diagnosis and grading of GBC.
Previous studies demonstrated that MCM levels may reflect clinical behavior and prognosis of cancer (9, 14) . In the current study, Kaplan-Meier survival analysis indicated that the survival time of patients with positive expression of MCM2 was significantly shorter than that of patients with negative expression; Cox multivariate analysis indicated that MCM2 expression was positively correlated with mortality. Conversely, patients expressing TIP30 survived longer than those with negative expression of TIP30; Cox multivariate analysis identified that TIP30 expression was positively correlated with post-operative survival. Therefore, MCM2 and TIP30 are proposed as two independent prognostic factors.
The surgical removal of the gallbladder with dissection of part of the liver and the lymph nodes is currently the most common treatment for resectable GBC. However, the majority of patients present with poor prognosis and will experience a survival time of <1 year. Due to the fact that palliative chemotherapy and radiation therapy offer little benefit in GBC (2), there is an urgent requirement for novel therapeutic approaches to improve patient survival. Malignant tumors with high expression of MCM2 have an increased rate of progression, are prone to metastasis and invasion and have Table VII . Multivariate Cox regression analysis of survival rate in patients with AC. poor prognosis. TIP30 inhibits tumor growth and metastasis by regulating the expression of cell proliferation-, apoptosis-, and angiogenesis-associated genes (35, 36) . High expression of MCM2 and low expression of TIP30 in gallbladder tumor cells may allow them to be targeted for gene therapy. There are several possible pathways for the development of novel treatments for GBC based on the molecular targeting of MCM2 and TIP30. For example, viral-or non viral-based delivery (such as the nanoparticle-based delivery of small interfering RNA) could be used to silence MCM2 expression alone or in combination with the overexpression of TIP30. Notably, MCM proteins are specifically required in cycling cells, however are absent from quiescent cells. Therefore, using the MCM2 promoter to drive the expression of TIP30 or other apoptotic genes may provide tumor-specific targeting in gallbladder AC or other tumor types that express MCM proteins.
95% confidence interval -------------------------------------
In conclusion, reduced expression of TIP30 and elevated expression of MCM2 are important markers for the progression, clinical biological behavior, and prognosis of gallbladder SC/ASC and AC. Measuring MCM2 and TIP30 expression may be a tool for the early detection of GBC in benign lesions in addition to in population screening. The observation that MCM proteins are required only in cycling cells and are not expressed in quiescent cells, in addition to the role of TIP30 in inhibiting tumor growth, suggests that these two markers have potential to be developed as targets for gene therapy by silencing MCM2 expression and/or overexpressing TIP30.
